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MASTERING
UNIFORM
CIRCULAR
MOTION: A GUIDE
TO THE CENTRAL
NET FORCE MODEL
WORKSHEET 1

Physics students often
encounter a pivotal
moment when they
shift from linear
dynamics to the world
of rotation. The
concepts of velocity,
acceleration, and force
take on new
dimensions when an
object moves along a
curved path. For many,
the first deep dive into
this topic comes

through the Central
Net Force Model
Worksheet 1. This
worksheet is not just a
collection of problems;
it is a structured

scaffolding tool that
helps learners
internalize the

relationship between
force, mass, velocity,
and radius in uniform
circular motion.
Whether you are a
student tackling the
worksheet for the first
time or an educator
seeking to guide your
class, this
comprehensive guide
will walk you through
the model, the purpose
of the worksheet, and
the key problem-
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solving strategies you
need to succeed.

What Is
the
Central

Net Force
Model?

Before examining the
worksheet itself, it is
essential to understand
the foundational
framework. The Central
Net Force Model
(CNFM) is a conceptual
approach developed
within the Modeling
Instruction pedagogy.
It treats uniform
circular motion as a
special case of
Newton's second law
where the net force on
an object points
directly toward the
center of the circular

path. This net force,
often called the
centripetal force, is not
a new type of force;
rather, it is the net
result of real forces
such as tension,
gravity, friction, or
normal force that
conspire to keep an
object moving in a
circle.

The central idea is that
for any object in
uniform circular
motion, the magnitude
of the net force is
given by the equation:

Fnet
Where:

=m*v2/r

e m = mass of the
object (kg)

e v = speed of the
object (m/s)

e r = radius of the
circular path (m)

This equation becomes
the centerpiece of
Central Net Force
Model Worksheet 1,
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which typically asks
students to apply itina
variety of
contexts—from a car
turning a curve to a
ball on a string. The
model also emphasizes
the importance of free-
body diagrams and the
idea that the net force
in the radial direction is
the centripetal force.

Overview
of

Workshee
t 1: What
to Expect

Worksheet 1 in the
Central Net Force
Model sequence serves
as an introduction. It
assumes that students
have already covered
Newton's laws and
basic kinematics but

may be unfamiliar with
circular motion. The
worksheet usually
presents a mix of
conceptual questions
and quantitative
problems designed to
build fluency with the

central equation.
Typical sections
include:

e Conceptual
checkpoints:
Students are
asked to predict
what happens to
net force if speed
doubles, or if
radius is halved.

e Quantitative
scenarios:
Problems that
require
calculating
centripetal force,
speed, or radius
from given data.

e Free-body
diagram
exercises:
|dentifying which
real forces



contribute to the
net inward force.
e Real-world
applications:
Examples such
as a satellite in
orbit, a
fairground ride,
oracarona
banked curve
(though banked
curves may
appear in later
worksheets).

The problems are
deliberately sequenced
to move from simple
plug-and-chug to more
interpretive reasoning.
Many versions of the
worksheet include a
central table where
students organize data
for multiple objects,
helping them see
patterns across
different masses,
speeds, and radii.

Key
Concepts
You Must
Master

To excel on Central
Net Force Model
Worksheet 1, you
need a firm grasp of
several core ideas.
Below we break down
each concept and show
how it appears in
typical worksheet
problems.

UNIFORM CIRCULAR
MoTION vS. NON-
UNIFORM

Worksheet 1 deals
exclusively with
uniform circular
motion, meaning the
object travels at
constant speed. The
velocity vector
changes direction, so
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there is acceleration
(centripetal
acceleration) pointing
inward, but the speed
remains unchanged.
Students sometimes
confuse this with non-
uniform motion (e.g., a
roller coaster loop)
where the speed
varies. The worksheet
emphasizes that in
uniform motion, the
net force is constant in
magnitude and always
directed toward the
center.

THE ROLE OF THE
FRee-BoDY
DIAGRAM

Perhaps the most
critical skill reinforced
by the worksheet is
drawing an accurate
free-body diagram. For
example, consider a
ball on a string swung
in a horizontal circle.
The free body diagram
shows only two forces:

tension (pointing
inward toward the
hand) and gravity
(downward). Since
gravity acts
perpendicular to the
plane of motion in a
truly horizontal circle,
it does not contribute
to the radial net force.
The central net force is
entirely provided by
tension. In Worksheet
1, you will be asked to
identify which forces

act in the radial
direction and which
ones cancel.

Overlooking a force or
mislabeling its
direction is the most
common source of
error.

RELATING PERIOD,
FREQUENCY, AND
SPEED

Many problems on the
worksheet provide the
period (time for one
revolution) or



frequency (revolutions
per second) instead of
speed. You must be
comfortable
converting: v = 2mr /
T, where T is the
period, or v = 2mnr f,
where f is frequency.
For instance, a problem
might state that a 0.50
kg object completes 10
revolutions in 5.0
seconds on a 2.0 m
radius path. You first
find the period (0.5 s)
then the speed
(2m*2.0/0.5 = 25.1 m/s)
and finally the net
force.

NEWTON'S SECOND
LAw IN THE RADIAL
DIRECTION

The central net force
equation is simply
Newton's second law
applied radially: F,
radial = M * a_, where a.
= v2/r. A typical
worksheet problem will
ask: "A 1200 kg car

rounds a curve of
radius 50 m at 20 m/s.
What is the centripetal
force required?"
Students compute: F =
1200 * (20%/50) = 9600
N. Then a follow-up
might ask which force
provides this net force
(friction, in this case).

Sample
Problems
and
Strategie
S

Let's walk through
three representative
problem types from
Central Net Force
Model Worksheet 1
to illustrate effective
solution strategies.
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PROBLEM 1: DIRECT

CALCULATION WITH
A GIVEN RADIUS

AND SPEED

Scenario: A 0.25 kg ball
is tied to a string and
whirled in a horizontal
circle of radius 0.80 m
at a constant speed of
4.0 m/s. Calculate the
tension in the string.

Solution approach:
Identify the net force.
Since the ball is
moving in a horizontal
circle, gravity is
perpendicular, so
tension equals the
centripetal force.
Compute F = m v?/r =
0.25 * (4.0%)/0.80 =
0.25*16/0.80 = 0.25
* 20 = 5.0 N. The
tension is 5.0 N.

PROBLEM 2:
FINDING SPEED
GIVEN NET FORCE
AND RADIUS

Scenario: A car of mass

1500 kg is traveling
around a curve with
radius 75 m. The
maximum frictional
force between the tires
and the road is 12,000
N. What is the
maximum safe speed?

Solution approach:
The net centripetal
force is provided by
friction. Set Fiiion = M
v2/r. Solve for v: v =
V(F*r/m) =+v(12,000
* 75/ 1500) = v(600)
~ 24.5 m/s. This is a
classic worksheet
problem that also
introduces the concept
of a maximum safe
speed.

PROBLEM 3:
CONCEPTUAL
REASONING WITH A
DATA TABLE
Scenario: The

worksheet may present
a table of four objects
(different masses,
radii, and speeds) and



ask which one requires
the largest central net
force. The student
must compute or
compare ratios without
necessarily plugging
numbers. For example,
if object A has twice
the mass but half the
speed of object B, and
both have the same
radius, then A's force is
2*(0.5%2)=0.5 times that
of B. Such problems
build proportional
reasoning.

Common
Misconce
ptions
and How
to Avoid

Them

Working through
Central Net Force
Model Worksheet 1
often reveals
persistent
misunderstandings.
Being aware of these
can save you time and
frustration.

e "Centripetal
forceis a
special force."
No. The term
"centripetal" only
describes the
direction of the
net force. In
every problem,
the net force is
provided by real
forces like
tension, friction,
or gravity. On
the worksheet,
you must identify
the actual
force(s).

 "If the object is
moving in a
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circle, there is
an outward
force." This is
the centrifugal
fallacy. The only
net force is
inward. The
sensation of
being "thrown
outward" is due
to inertia (the
object's
tendency to go
straight). The
worksheet often
includes a
conceptual
question to
address this.
“"The net force
equation only
works for

However,
Worksheet 1
typically sticks to
horizontal circles
for simplicity.

“If speed
doubles, the
force doubles."
Because v is
squared,
doubling speed
quadruples the
required force.
Many students
forget the square
and lose points.
Pay attention to
exponents.

Real-

horizontal
circles." It works

World
oranyunorn - Connectio
e e ns and

points (e.g., at
the top of a loop,

centripetal force
is mg + tension).



Applicatio
ns

One of the strengths of
the Central Net Force
Model approach is its
grounding in everyday
phenomena. The
worksheet often
includes short
discussion prompts or
extension questions
connecting physics to
the real world. For
example:

¢ Amusement
park rides: How
fast must a
Gravitron ride
spin so that
riders do not
slide down the
wall? The
required friction
depends on the
normal force,
which is the
centripetal force.

* Satellite orbits:

Gravity provides
the central net

force. If a
satellite's speed
is too high, it will

escape orbit; too
low, it will spiral
inward.

Banked roads
and racetracks:
While banked
curves are often
covered in later
worksheets,
Worksheet 1 may
set the stage by
asking why a flat
curve depends
on friction.
Washing
machine spin
cycles: The
drum pushes the
clothes inward
(the normal force
acts as
centripetal force)
while water
escapes through
holes due to lack
of force to keep
it in circular
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motion.

These connections
make the abstract
equation tangible. As
you work through the
problems, try to
visualize the physical
situation—imagine the
string in your hand, the
car on the road, or the
ball on a tether. This
mental modeling is
exactly what the
worksheet aims to
cultivate.

Tips for
Success
with
Workshee
tl

To get the most out of
this foundational
worksheet, consider
the following study

11

strategies:

1. Always start
with a free-
body diagram.
Even if the
problem seems
simple, draw it.
Label all forces
and indicate the
radial direction
(toward center).
This will help you
identify which
forces contribute
to the net
centripetal force.

. List the given
and unknown
variables. Write
downm, v, r, F,
T (period), f
(frequency).
Check
units—convert to
meters,
kilograms,
seconds.

. Choose the
correct form of
the centripetal
acceleration
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equation. You
can use a. = v3r

ora. = 4mr/T
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